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[1] The impact of Argo on ECMWF operational ocean
analyses has been assessed by conducting a set of observing
system experiments spanning the period 2001–2006. The
experiments evaluate the information content of Argo
temperature and salinity data, gauged in terms of
influence on the ocean state and the skill of seasonal
forecasts. The salinity data from Argo is instrumental in
correcting the salinity of the ECMWF analysis on a basin-
wide scale. The effect of Argo temperature is noticeable in
the Indian, Atlantic and Southern Oceans. In the Pacific, the
impact is modest, being confined to the South American
coast. The information content of Argo combines well with
the altimeter information in most regions. The impact of
Argo on seasonal forecasts of sea surface temperature has
been assessed for the period 2001–2006. The assimilation
of Argo improves seasonal forecast skill in most
areas, although the reduction of the error is small.
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1. Introduction

[2] The ocean observing system is always changing but
the last few years have seen major developments both in the
observing platforms and in the way the observations are
used. A key development has been the continued expansion
of the Argo float network and continuation of high quality
altimetry. The relative importance of different components
of the observing system should always be kept under
review. There is unlikely to be a unique ideal observing
system as different applications will have different needs
and emphases. Although the authors have a particular
interest in the potential contribution to seasonal forecasting,
a wider brief than just observing the tropical oceans is
considered. Vidard et al. [2007] assessed the relative im-
portance of the tropical in situ mooring arrays (TAO,
TRITON, PIRATA), XBTs and the developing Argo float
network, showing a major role for the moorings and in some
ways a smaller contribution from Argo than might have
been expected. There were three limitations in that paper:
firstly Argo was assessed at a relatively early stage of
development (2001–2003), secondly the assimilation system
did not use salinity data directly and thirdly altimeter data
were not used. In this paper we use the latest version of the
ECMWF ocean data assimilation system (S3) in which both
salinity and altimetry are used. Results from a set of Observ-

ing System Experiments (OSEs) carried out to assess the
impact of Argo temperature and salinity will be shown. First a
brief description of the S3 ocean analysis system is presented.

2. S3 Ocean Analysis System

[3] The ocean data assimilation system for S3 is based on
the HOPE-OI scheme. The first guess is obtained by forcing
the ocean model with daily fluxes of momentum, heat, and
fresh water from the ERA40 reanalyses for the period
January 1959 to June 2002 and NWP operational analyses
thereafter; the fresh water flux in the ERA40 has been
corrected according to Troccoli and Kallberg [2004]. The
ocean model has a horizontal resolution of 1� � 1� with
equatorial refinement, i.e., the meridional resolution
increases gradually towards the equator, where it is 0.3�.
There are 29 levels in the vertical, with a typical vertical
thickness of 10 m in the upper ocean. The barotopic mode is
resolved explicitly. The observations come from the quality
controlled data set prepared for the ENACT and ENSEM-
BLES projects until 2004 [Ingleby and Huddleston, 2006],
and from the GTS thereafter. The model SSTs are strongly
relaxed to analyzed daily SST maps from the OIv2 SST
product [Reynolds et al., 2002] from 1982 onwards. Prior to
that date, the same SST product as in the ERA40 reanalysis
was used. The altimeter data used are global gridded weekly
maps Le Traon et al. [1998] from 1993 onwards.
[4] The different data streams are assimilated sequentially.

First, the model background is bias-corrected [Balmaseda et
al., 2007a], and the detrended altimeter-derived sea level
anomalies combined with the bias-corrected model first-guess
to produce a first analysis. This analysis is then used as a first
guess for a second assimilation step, in which only subsurface
temperature data are assimilated, and salinity is updated by
imposing conservation of themodel temperature/salinity (T/S)
relationship, while the sea level and velocity field remain
unchanged. In a third step, salinity observations are used to
modify the model T/S relationship. In this step, the T/S
information is spread along isotherms following the scheme
of Haines et al. [2006]. Only salinity is modified in this step.
Velocity updates are then derived from the temperature and
salinity increments by imposing geostrophic balance. Finally,
the trend in global (area averaged) sea level is assimilated. The
analysis is performed every 10 days. Analysis increments in
temperature, salinity and velocity are added slowly over the
subsequent 10 days, after which a new background field is
available, and the cycle repeated. Details about the data
assimilation system are given by Balmaseda et al. [2007b].

3. Observing System Experiments

3.1. Experimental Setup

[5] The S3 system described above assimilates all data
available (altimeter, Argo, moorings, XBTs,. . .). This anal-
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